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THE experimental investigation ofgastric cancer is seriously impeded by our
present inability readily to produce this condition in animals. Some gastric
cancer has been initiated by the implantation of. carcinogenic hydrocarbons
directly in the stomach wall. The difficulty and uncertainty ofthismethod have
precluded its general use. Progress in this field would be greatly facilitated if a
chemicalcompoundcapable ofproducing gastric cancer were discovered. That a
carcinogen with such specificity is possible may be implied from the frequency
with which Butter YeRow, for example, produces hepatomas (Kinosita, 1940)
and beta-napthylamine, bladder tumors (Wiley, 1938). The obvious approach
would be to incorporate a carcinogen in the diet. When this is done it very
seldom results in malignant growth in the stomach because of the protective
action ofthe mucus. Ifthe carcinogen could be 8ecreted by the stomach it would
be in a much more favourable position to initiate cancer.
The first step towards a solution of the problem is to ascertain just what
properties of a substance influence its secretion by the glands of the stomach.
The optimum properties might then be conferred on -a carcinogen by judicious
substitution in the molecule. The resulting compound could be expected to
initiate neoplastic growth in the stomach.
Several groups of workers during the past twenty-five years have studied, by
means of gastric pouches in dogs, the secretion of intravenously injected dyes.
Dawson and Ivy (1925), Kobayashi (1926), Ingraham and Visscher (1935), and
Varco and Visseher (1941), although working under varied conditions, are gene-
rally in agreement as to the dyes secreted by the stomach. Of some sixty dyes
studied (Ingraham and Visscher, 1935), afl those secreted are electropositive
(basic) under some conditions. Onthe otherhand,dyes not secretedbythegastric
glands are acid or amphoteric with the possible exception of four basic triphenyl-
methane dyes.
The basicity of these dyes seems to be the property most likely to determine
their degree of gastric secretion. We have, therefore, determined the pKB Of
those dyestuffs whose concentration ratios (concentration of dye in gastric
juice: concentration in blood) are knowia.
EXPERIMENTAL METHODS.
Basic ionization constants were determined by potentiometric titration. A
Beckman, Model G, pH meter was employed with Glass Electrode 1190T and
Calomel Electrode 1170. The Beckman 1190E blue glass electrode was used
when the pH rose above 10. The electrodes were standardized before each titra-
tion against buffer solutions of pH 7 or pH 10. All titrations were carried out
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In general, the dyes studied were not strong bases. In most cases'thehydro-
chloride (sulfate in the case of Nile Blue) salt was titrated 'with b-048 N sodium
hydroxide. Samples of 0-1200 to 0-2500 g. of the salt were dissolved in 300 ml.
of water to correspond to a molarity of 0-0013 to 0-0027. Eastman (1925) has
calculated that for a 0-001 molar acid titration with a strong base the titration
curve will not yield an inflection at the end-point ffKA'iS less than 10-8. This
we found to be true. Suchcompounds were titrated as the free base with 0-047N
hydrochloric acid.
The values for pKBwere calculated from at least five points between 25 and
75 per cent neutralization. As an example, the calculation -of KB for the dye
Rhodamine B is given. The titration curve (Fig. 1) indicates an end-point at
10 12 14 16
ml.0-048N NaOH added.
24
FIG. I.-Potentiometric titration curve ofRhodamine B.
8-8 ml. of 0-048 N sodiumhydroxideusing 300 ml. ofsolution. After the addition
of 4-5 ml of sodium hydroxide a pH reading of 3-60 was obtained. This corre-
sponds to a hydrogen ion concentration of 2-51 X 10-4 millimoles per ml.
BH+(orlginal) 8,8 (0,048) 0-422 milhmoles.
B.HCI + HOH B.HOH(hydrolysis) + H+ + Cl-, therefore, B.HOH(hydrolysis) 300 ml. (2-51 X 10-4 miRimoles/ml.)
= 0-075 millimoles. B.HOH(neutrallzation) 4-5 (0-048) 0-216 mflhmoles.
B.HOH(tot,.,I)
= 0-075 + 0-216 = 0-291 mflhmoles.
BH+ == 0-422 0-291 0-131 milhmoles.
KB (BH+ 300)Nw 0-131 X 10-14 1-79 x 10-11. OH 1 300)(Clr+) 0-291 (2-51 X 10-4)360 F.- E. RAY AND MARY L. JUNG
These calculations were repeated at various points throughout the titration.
Results are tabulated in Table I.
TABLE I.-Ionization Constant8Calculatedfor Rhodamine B.
Per cent neutralization
13. 40. 46. 51. 63. 74.
KB X IOll . 1-68 . 1-75 . 1-70 . 1-79 1-71 . 1-88
pKB
. 10-77 . 10-76 . 10-77 . 10-75 . 10-77 . 10-73
The average value for KB of each of the dyes studied is given in Table II,
column 2.
DISCT-TSSION.
Derivationofaformula expreWing the concentration ratio of compound8in8tomach
and blood a8afunction of theirpKB-
If we assume a simple distribution mechanism to explain the concentration
of basic dyes in the stomach, the concentration ratio may be calculated from the
ionization constant of the dye and the hydrogen ion concentrations of gastric
juice and blood. Assume these two solutions to be well buffered at a pH of I
and 7-4 respectively andseparated by a membranefreelypermeable to the undis-
sociated dye. In both solutions the total concentration of dye will be equal to
that of the dissociated and undissociated forms.
TABLE II.-Calculated and Experimental
Dye. pKB-
Nile blue 11-6
Thioflavine T 11-3
Acridine red 10.9
Rhodamine B 10-8
Brilliant cresyl blue, 10-8
Methylene green 10-8
Methylene blue . 10-2
Bismark brown . 9-0
Chrysoidine Y . 8-7
Safranin 0 7-6
Neutral red 7-5
Thionin 7-1
Toluidine blue 6-5
Pyronine B 6-3
Concentration RatiO8.
CS
CB
(Kobaya,shi,
1926).
0-8
1.3
8-4
6-1
11-3
13-6
15-6
26-5
75-0
27-3
26-4
36-8
36-4
5-7
C,q
CB
calculated).
1-5
2-8
6-1
7-3
7-3
7-3
16-8
28-6
29-0
27-3
26-5
22-7
13-3
10.0
Total dye
= [B.HOH] + [BH+].
The quantity [BH+] may be expressed by
[BH+]
= -KB [H+] [B.HOH]. 10-14361 CARCINOGENS LIKELY TO PRODUCE GASTRIC CANCER
The total dye in either solution is then given by
KB Total dye
- [B.HOH] 1 +_ [H+] 10-14
The concentration ratio then betweengastricjuice, with apH of 1, andblood,
with apH of 7-4 may beexpressedby
Cs [B.HOH]s I + 10-14 (10-1)
CB [B.HOHIB 1 + 10-14 (lo-7-4)
Assume [B.HOH] in stomach = [B.HOH] in blood.
Then Cs I + 1013KB
CB 1 + 106-6KB'
Substituting the experimentally determined ionization constants in this
equation, concentration ratios are obtained which are far higher than those
reahzed by Ingraham and Visscher (1935). At a pKBof 11-3, for instance, this
equation yields a concentration ratio of 51, at apKB of 7-5 a ratio of 2-8 x 101.
Ratios actuaRy obtained were 1-3 and 26-4. Although experimental results
indicate a definite tendency for secretion to increase with increasing basicity. it
is obvious that there is some opposing factor. This opposing factor increases
with increasing basicity, so that at pKBof about 6-0 the tendency for the basic
dve to concentrate in the stomach, due to distribution differences, might be com-
pletely overcome.
This opposition to gastric secretion of dyes of increasing basicity is nicely
explained in terms of the pore theory, or the concept of the ositively charged p membrane (Ingraham and Visscher, 1935). Acid dyes would be retained by
chemical combination. Basic dyes are assumed to pass through this membrane
in the undissociated form. As the ionization constants of these dyes increase
it would become increasingly more difficult for them to passthrough apositively charged membrane.
It appears, therefore, that we are dealing with two main effects in thegastric
secretion of dyes. One arises from the tendency of basic dyes to accumulate in
the stomach because of the pH difference between blood and gastric juice. The
other ispossibly due to the existence of apositivelychargedmembrane, imperme- able to acid dyes but permeable to the undissociate'd basic dye. As the basic
dyes become stronger the charged membrane tends to restrain them, and their
secretion in the stomach is thereby inhibited.
Such restraint ofbasicdyes and consequent inhibition oftheir secretion should
be directly related to the ionization constants of the dyes. It should be possible then to obtain a factor, involving the ionization constant of the dye, which
would account for this effect opposing secretion. Such an empirical factor was
devised experimentaRy.
3 x 10-12
KB + 5 x 10-11-362. F. E. RAY AND MARY L. JUNG
This factor, when multiplied by the concentration ratios calculated through
assumption of a simple distribution mechanism,
Cs 1 + 1013KB 3 X 10-12
CB I + 106.6KB KB+ 5 x 10-11)
gave concentration ratios closely following those reported by Ingraham and
Visscher (I935) (Table II, Column 4). In view of the possibilities or error in
determining the experimental concentration ratios (Kohn, Komarov and Shay,
1949), the correlation (Fig. 2) betweenexpe'rimental and calculated values appears
sufficient tojustffy,tentatively, the use ofthe formula.
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FIG. 2.-Curveg showing both the experimental and calculated values of pKB plotted against the
concentration ratios.
Chrysoidine Y CS/CB= 75 (Kobayashi, 1926).
L
- - - L
= calculated.
0 0 = experimental.
By means of this formula it should be possi'ble to predict which compounds will be secreted in the stomach and to what extent. A pKB within the range 7-5 to 9-0 is indicated for maximum secretion. A carcinogen may now, by a
variation of substituents, be adjusted to a pKBwithin this range. It is not un-
reasonable to expec't such compounds, through locaHzation in the st'omach over a
considerable period of time, to initiate neoplastic growth in this organ. Soluble
deriVatives ofthe carcinogen, 2-aminofluorene with pK ing within the range 7'5 to 9-0 have been prepared in this laboratory aiid are now under test.
SUMMARY.
Two concepts.of gastric secretion of dyes, the positively charged membrane, and the distribution difference between blood and gastric juice, have been inte-
grated and amathematicalformuladeveloped. Itissuggestedthat thiswill serve,
at least tentatively, as a -basis for the selection of carcinogenic compounds that
will be secretedby the stomach and initiate neoplastic growth in that organ.CARCINOGENS LIKELY TO PRODUCE GASTRIC CANCER 363
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